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Introduction
Instability and infection of median sternotomy wounds are major complications in cardiac surgery due to their association with greater morbidity and mortality, prolonged hospital stays, higher costs, and the need for repeat surgery w1x. Potential perioperative risk factors leading to sternal dehiscence or mediastinitis have been analyzed in several studies; these include diabetes mellitus, chronic obstructive pulmonary disease, obesity, the use of bilateral internal mammary arteries, smoking, and prolonged bypass or ventilation time w1, 2x. The need for repeated blood transfusions in the early postoperative period has also been reported w1x. Advanced age, female gender, the type of cardiac operation, reoperation, steroid therapy, and previous mediastinal irradiation have been identified as important risk factors. Furthermore, the excessive use of bone wax or diathermy may inhibit wound healing w3, 4x.
These reports have highlighted the need for careful preventive surgical strategies and perioperative management.
The avoidance of a paramedian sternotomy and adequate sternal reinforcement are crucial factors to avoid sternal complications. Additional strategies, such as minimally invasive approaches, the use of a novel sternal synthesis device or biodegradable hemostatic material as an alternative to bone wax should be taken into consideration.
In the present study, we evaluated the effectiveness of a new sternum support vest as an additional tool in postoperative care after median sternotomy to avoid sternum wound related complications.
Materials and methods
One thousand five hundred and sixty patients were analyzed in this prospective randomized multicenter trial conducted from September 2007 to August 2009. The work was approved by the Local Ethics Committee. Each patient provided hisyher informed consent. Randomization was performed immediately after the operation. The sternum support vest was applied 48 h after the operation, usually after the patient's stay at the intensive care unit (ICU).
Patients were advised to wear the vest for at least six weeks postoperatively. According to the therapy guidelines of the American Society of Hospital Pharmacists Commission on Therapeutics, cefazolin 1 g intravenously was administered every 8 h or every 12 h for 48-72 h or until the chest and mediastinal drainage tubes were removed.
Patients were stratified using a modified Society of Thoracic Surgeons (STS) risk score analysis for major infection after cardiac surgery in order to evaluate their potential infection risk at the surgical site w5x. Exclusion criteria were age under 20 years, the presence of a congenital heart defect, mechanical reanimation and irradiation of the chest. Only patients who actively wore the support vest and fulfilled the inclusion criteria were included in the perprotocol analysis. Patients who were randomized to the vest group and failed or refused to use it were excluded from the study. Reasons for not receiving the vest were prolonged stays at the ICU, an open sternum, or the patient being transferred to a different hospital within 48 h. Slippage and discomfort were the main reasons for declining to use the vest. The flow diagram of all allocated and analyzed patients are summarized in Fig. 1 according to the Consolidated Standards of Reporting Trials (CONSORT) Statement w6x.
Patients were monitored for the development of sternal dehiscence or wound infection for 90 days after cardiac surgery. Sternal wound infections included superficial infections involving the skin and subcutaneous tissue of the incision, as well as deep infections. Infection data were obtained during hospitalization from the patients' medical records. During the 90 days follow-up period after discharge, the patients were monitored at their visits to the out-patient clinic or by telephone interviews focusing on sternal wound problems.
Thorax support vest
The Posthorax sternum support vest (Epple Inc, Vienna, ᮋ Austria) is a recently developed, patented design (Fig. 2) . Its outstanding feature is the fact that pressure and stabi-lization are specifically aimed towards the sternum. Instead of simple lateral compression, the Posthorax vest provides ᮋ anteroposterior stabilization while holding the two halves of the sternum in place. The two cushions are placed longitudinally to the left and the right side of the sternum and serve as shock absorbers when the patient coughs or breathes deeply, and also support the sternum when turning the patient in bed (Fig. 3) .
Statistical methods
Data were analyzed using the software programs StatXact, Version 8 (Cytel Inc) and Statistica, Version 8 (StatSoft Inc, Tulsa, OK).
Based on a clinically relevant difference of cumulative complication rates of 4% in group A and 1% in group B the projected sample size at a power of 0.8-0.9 is ;650 per group (Fig. 4) . Statistically significant differences were calculated according to the following scales:
Nominal scale*descriptive statistics: total sum, percent; Test for comparisons between two groups: Pearson's x -2 test.
Ordinal scale**descriptive statistics: median, interquartile range (IQR); Calculation with Mann-Whitney U-test. Interval scale***descriptive statistics: mean, standard deviation (S.D.); Test for comparisons between groups: Mann-Whitney U-test. P-0.05 were considered to indicate significance.
Results
From September 2007 onward, patients who fulfilled the inclusion criteria were randomized into two groups: group BMI, body mass index; CRF, chronic renal failure; PAD, peripheral artery disease; MCI, myocardial infarction; OBS, organic brain syndrome; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; NYHA, New York Heart Association classification; IQR, interquartile range; S.D., standard deviation. Fig. 4 . Power calculation for sample size. A did not receive the thorax support vest and was treated with an elastic bandage (ns905) while group B received the vest for stabilization of the sternum (ns655). Patients, who refused the vest or did not receive it within 48 h for other reasons, were excluded from the study.
Clinical features of the patients are shown in Table 1 . No significant difference was registered between the two randomized groups A and B with regard to age, gender, body mass index, EuroSCORE and potential risk factors, such as diabetes, chronic renal failure, chronic obstructive pulmonary disease, peripheral artery disease, cardiogenic shock, myocardial infarction, organic brain syndrome, congestive heart failure and the use of red cell units. The modified STS infection risk score w5x and the New York Heart Association classification were equally distributed in both groups.
The surgical data (summarized in Table 2 ) revealed no difference between groups A and B, except for the rate of aortic valve replacement, which was higher in group A (A: 18.2% vs. B: 16.3%, Ps0.03).
Complications were divided into dehiscence, superficial wound complication, and deep sternal infection. All com-plications required reoperation, including implantation of VAC systems (KCI Inc, San Antonio, Texas), surgical debri-ᮋ dement, re-cerclage, or closure of the chest with a pectoralis muscle flap. Complications occurring during the hospital stay, readmissions and reoperation rates within 90 days were evaluated according to the study protocol. The rate of sternal site infections and dehiscence are summarized in Table 3 . The cumulative sternal wound complication rate was 3.0% during the hospital stay and 1.5% during the 90 days followup period. Dehiscence occurred in 0.77% (in-hospital: 0.55%, 90 days: 0.22%), superficial wound complications in 1.7% (in-hospital: 1.3%, 90 days: 0.4%), and deep sternal infections in 2% (in-hospital: 1.1%, 90 days: 0.9%) covering 1560 patients.
Comparing the two randomized groups wnon-vest (A) and vest (B)x, the difference in the numbers of total complications including the 90 days follow-up period are significant (A: 3.87% vs. B: 0.61%, Ps0.047, powers0.98). Patients treated with the thorax support vest had a significantly lower incidence of dehiscence (A: 0.77% vs. B: 0%, Ps0.046; powers0.46) and deep sternal infections (A: 1.99% vs. B: 0%, Ps0.0001; powers0.95). The occurrence of superficial wound infections revealed no significant difference (A: 1.1% vs. B: 0.6%, Ps0.4178; powers0.1).
Hospitalization time including complications was significantly shorter in the vest group (14.76"7.7) than in the non-vest group (17.33"17.5, Ps0.04) . No significant difference was registered regarding ICU stay between the patient groups (A: 3.05"3.8; B: 2.55"3; Ps0.12).
Out of all patients with sternal wound complications 13 (33%) developed their wound infection or dehiscence within 90 days after being discharged from the hospital. The mean duration of the hospital stay was extended to 59.6 days when a patient required repeat surgery due to instability or infection. In cases of readmission during the follow-up period, the mean hospital stay was 41.2 days.
Discussion
Sternal wound complications after cardiac operations are associated with higher morbidity, mortality, and several other disadvantages for the patient and the clinician.
The aim of this prospective randomized multicenter trial was to evaluate the effectiveness of a sternum support vest to prevent sternal wound complications in patients undergoing cardiac surgery via median sternotomy. The total rate of 2.9% regarding dehiscence or wound infection during hospital stay registered in the present study is comparable to the data reported in other investigations w7x. The main finding of this study is the reduction of deep sternal infections and dehiscence by using the sternum support vest. No difference can be found preventing reoperation because of postoperative superficial wound infections. There is a wide variation in incidence of superficial sternal wound complications between studies and ranges between 0.9% and 20%. This variation can be due to different classification, follow-up period or surgical management. In the present study, we focused on the wound complications requiring consecutive surgical revisions. The rate of operative reintervention in superficial wound infections is reported between 18% and 30% in these cases, whereas all patients with deep sternal infections underwent one or more reoperation w8-10x. The results of this study underline the importance of mechanical stabilization to reduce the forces that cause movement of the sternum halves or dehiscence. These data support the effectiveness of the sternum support vest to prevent instability and deep sternal infection.
The increase of wound complications after hospital discharge is remarkable. The rate of post-discharge sternal wound infection during a 90-day observation period has been reported to be as high as 79% by other authors w10x.
In the present series, 33% of all patients who developed sternum related complications, were registered after hospital discharge. Late onset of sternal wound infection has a poorer prognosis than early onset w11x. This underlines the importance of post-discharge surveillance, especially in patients with multiple morbidities. The long period of time during which postoperative complications may occur is indicative of the fact that postoperative wound management is more important than surgery-related complications or risk factors w10, 12x. Our experience shows that qualified care by a nurse working for 30 h per weeky1000 cardiac procedures per year is a prerequisite for effective postoperative care. The economic benefits of shorter hospital stays and lower rates of reoperation would exceed, or at least balance, the additional cost of vest and personnel.
Sternal surgical site infections are one of the most expensive complications in cardiac surgery. In addition to longer hospital stay, indirect costs, such as the need for more antibiotics, wound dressing, and subsequent surgery must be taken into account. Speir and co-authors w13x reported 240% higher costs due to mediastinitis after isolated coronary artery bypass grafting, which is comparable to the data reported from the US Medicare Program, where the increase in the utilization of hospital resources in cases of postoperative infection amounted to 227% w14x.
The impact of costs in European hospitals is difficult to assess due to a variety of reimbursement systems used. According to an assessment performed in Helsinki (Finland), the financial burden of postoperative infection was 76,200 w15x.
In the present study, the mean duration of the hospital stay in patients with infection at the surgical site after open heart surgery was 44"9 days.
In conclusion, this prospective randomized trial shows that the sternum support vest is a useful aid in postoperative care after median sternotomy. It was found to reduce deep sternal wound complications and, therefore, also a reduction of hospitalization time. Comparative rates of sternal wound problems and subsequent surgery in various risk patient groups will be investigated in future studies.
